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Abstract
For the elucidation of the relationship between the toluene concentration in the air and the
amount of hippuric acid excreted in the urine as a metabolite after the work in the workshop where
they use toluene, we have succeeded in measuring minute quantities of urinary hippuric acid by
a modified method of Gaffney’s paperchromatography and also by a simple ma screening exam-
ination method devised by us, and obtained the following results. 1. The average concentration
of hippuric acid in the urine collected at 2 p. m. from healthy individuals proved to be 184 µg/
ml, and the amount of its excretion was 174 µg/ min. 2. After the three-hour inhalation of toluene
whose concentration in the air ranged 20, 50, and 160 ppm, the average concentration of hippuric
acid in the urine was found to be 190,863 and 1,930 µg/ml, and the avarage increment of hippuric
acid, 33.2, 193.9, and 1060 µg/min respectively. From this results we have found that there is a
linear relationship between the toluene concentration in the air on one hand and the concentration
of urinary hippuric acid and the increasing amount of its excretion on the other. Thus it has become
poible to calculate the toluene concentration in the air even in the workshop where the workers are
exposed to toluene discontinuously from the curves of the linear relationships just mentioned. 3.
For the control of health in the workshop where they use toluene (such as auto-tricycle factory) we
have devised a simple ma screening examination method for the detection of urinary hippuric acid,
in which urinary hippuric acid is extracted with ether alcohol, and the coloration of its spots on
filter paper is conducted with aroylglycine reagent (DAB and acetic anhydride mixture) in order
to find out those excreting 1,000 µg/ml (the maximum allowable concentration) or over.
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Toluene, one of the organic industrial solvents, is widely used as a main
component of the thinner for solving paint in automabile manufacturing and
finisher in furniture industry. In the shops where they use this solvent it is
quite difficult to know the avarage concentration of toluene in the air as its con-
centration naturally varies considerably during one working day.
Toluene administered in animals is first oxidized and forms benzoic acid
which in turn is conjugated with glycine to form hippuric acidl • According to
MASRI et a12• about 75 per cent of toluene administered to rabbits is excreted as
hippuric acid. Thus it appears that most of toluene inhaled by workers will be
excreted in the urine as hippuric acid. Therefore, for the determination of the
quantity .of toluene inhaled by workers, the quantitative analysis of urinary
hippuric acid would be the best approach.
In this field of study there is only a work by OETTlNGENs, where he success-
fully measured the quantity of urinary hippuric acid with some volunteers ex-
posed to toluene in the concentration over 100 ppm in his laboratory. However,
as he used the crystallization-titration method4 for the quantitative analysis of
urinary hippuric acid which was not so sensitive, it is not applicable for the
analysis of urinary hippuric acid in the case where the laborers are exposed to
a less amount of toluene.
In the present study we have succeeded in the quantitative analysis of uri-
nary hippuric acid of the workers in the shop inhaling toluene in a small con-
centration of 20-50 ppm by means of Gaffney's paperchromatographic methodo.
With this method it has become possible to determine the relationship of the
toluene concentration in the air to hippuric acid in the urine of workers.
In addition, we have been able to devise a simplified method of mass
screening examination of hippuric acid. In this method, instead of developing
the urine by the paperchromatography as in Ga££ney's method, the extract of
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hippuric acid is prepared with ether alcohol and extract is spotted on the filter
paper.
MATERIALS AND METHODS
1. Collection of urine.
The urine collected from three normal male individuals at 2 p. m., that
collected before and after the work from laborers in a manufacturing shop of
sun-glasses where they use toluene as the solvent of plastic glue, that collected
from workers in an auto-tricycle manufacturing company where they use toluene
as the principal ingredient of thinner in spraying paints, and also that from
one volunteer made to inhale 160 ppm toluene, served as materials.
2. Determination of the toluene concentration in air.
This determination was conducted with Kitagawa detector for the analysis
of a minute quantity of toluene (by vacuum suction method). For a more precise
determination of toluene concentration, the air containing toluene vapor was
bubbled through 5 ml of sulfuric acid-formalin mixture and the intensity of the
orange brown color thus produced is measured at the wave length of 480 mll. by
spectrophotometer (Hitachi apparatus Model GPO-2U). For the analysis of
toluene in the thinner containing other organic solvents, gas chromatography is
used (Hitachi apparatus Model KGL-S).
3. Quantitative determination of urinary hippuric acid.
a. Developing.
Filter paper (40 x 40 cm, Toyo Filter Paper Company, No. 51) is used for
paper chromatography. 0.1 ml of sample urine is spotted on the line 4 cm from
the lower margin and 7 cm long, and it is made to spread while drying con-
tinuously by a dryer. As for the developing agent n-buthanol-glacial acetic
acid-water (4: 1: 1) mixture is used, and the paper is rolled and developed.
b. Coloration.
After developing and completely drying by a fan, four per cent p-dimety-
laminobenzaldehyde (DAB for short) solution mixed in acetic anhydride saturated
sodium acetate is sprayed thoroughly on the paper. Then it is made to react in
a drying oven for one minute at 135°C, producing azlactone of hippuric acid.
This coloration reaction may be expressed as follows.
(CHsCO),O
(CHa),N· CoH.CHO+ H,C-COOH ~
I CHaCOONa
HN-CO-COHI
(CHs)N .CoH.CH=C-CO
I I
N 0
~/
C
I
CoH~
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c. Extraction and colorimetric determination.
The colored portion of the paper is cut into small pieces and the elution is
conducted three times successively with ethanol 3 ml, 2 ml, and 2 ml each time.
The optical density of orange color is measured by spectrophotometer and hip-
puric acid concentration was calculated with standard curve.
4. Mass examination method of urinary hippuric acid.
For this examination 1 ml of the urine to be tested is mixed with 5 NH2S04
(adjusted to pH 2.0) and saturated with 50 g/100 ml of (NH4)2S04. To this
mixture 2 ml ether which is made to contain 20 per cent alcohol is added for
the first elution. After removing the eluate, 1 ml of ether-alcohol is again added
to the residue for the second elution. Then the two eluates are mixed and
0.06 ml of this eluate mixture is spotted on a filter paper (Toyo Filter paper,
NO. 50) 5 cm apart by mess pipette and let it dry. On the spotted paper another
sheet of filter paper soaked with DAB and acetic anhydride mixture is placed,
and an iron heated to 150°C is placed over it for one minute to produce orange
spots.
For the determination of hippuric acid from colored spots the intensity of
the coloration is compared with the standard paper, on which hippuric acid at
known concentration is spotted and coloration is done in exactly the same
manner.
RESULTS
The amount of urinary hippuric acid excreted in normal individuals
In the urine collected at 2 p. m. from normal individuals the average con-
centration of urinary hippuric acid in 13 persons proved to be 184/.lg/ml and
the amount of urinary hippuric acid excreted was 174 /J.g/ minute as shown in
Table 1. In calculating the quantity of urinary hippuric acid excreted per day
from the latter value it was 251 mg. The reason why a small amount of hip-
puric acid is excreted in normal individuals is explained to be due to some food
containing benzoic acid compound which is oxidized and excreted in the form of
urinary hippuric acid. This is believed to account for the high values of it in
two individuals as shown in Table 1.
Amounts of urinary hippuric acid in the laborers exposed to toluene
Toble 2 shows the amounts of urinary hippuric acid excreted before and
after the work in the group (to be called A group) who worked for three hours
in the morning at the concentration of 20 ppm and 50 ppm respectively in a
sunglasses manufaturing company where they used toluene as the solvent for
plastic glue.
The second group (B group) shows the amounts of' hippuric acid in the
urine of one volunteer made to inhale toluene vapor for three hours at the
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Table 1. Hippuric acid content in the urine of normal subjects
I
Hipp. acid
I
Volume of Time from Hipp. acid Total
Name cone. urine before exc. excretion excretion
(J-Lg/ml) (ml) (min.) (J-Lg/min) (mg)
Hi
I
35 130 60 76 4.55
Ko 40 340 95 143 13.60
Sa 85 81 120 57 6.89
Or 99 72 120 59 7.13
Ku 100 84 120 70 8.40
Hu 105 70 50 147 7.35
Ta 106 126 150 89 13.36
Su 123 140 120 143 17.22
Ku 185 160 120 247 29.60
Ta 325 142 120 385 46.15
IK 365 122 90 495 44.53
Ta 414 50 120 205 20.70
Mo 414 66 130 172 27.32
Mean I 184 I 122 I 109 I 174 I 18.98
concentration of 160 ppm.
The last group (C group) shows the values of hippuric acid in the urine
collected before and after the work where they worked in shift using thinner
containing 80 per cent of toluene and concentration of toluene in the air amounted
to 150-250 ppm. .
It is clear from these values that the amount of hippuric acid excreted in
the urine is increased after the exposure to toluene vapor in every case.
Relationship of toluene concentration in the air to urinary hippuric
acid
Fig. 1 shows the curves representing the relationship between the toluene
concentration inhaled and the average concentration of the hippuric acid in the
urine after exposure to toluene5• On the ordinate 20 and 50 ppm of toluene
concentration in A group, 160 ppm of B group are plotted and the urinary hip-
puric acid concentration after three-hour work in the respective group are plotted
on the abscissa from the value in Table 2. In this way a standard curve in a
rather straight line (a solid line) is obtained.
In order to see the mean concentration of toluene in air of C group where
four persons working in shift of two persons each during three hours in the
toluene concentration of 150-250 ppm by the use of Fig. 1 the mean value of
urinary hippuric acid (1049/l.g/ml) is plotted on the ordinate and extended it
horizontically. From the crossing point on the standard curve, a vertical line is
dropped to the abscissa to obtain the toluene concentration, which turns out to
4
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Table 2. Hippuric acid content in the urine of workers exposed to toluene
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Toluene Hipp.
I Hipp. i
! Time from Volume I I Total
I Group cone. in Name Tim
e of before of urine
acid I acid
air collection
I
I excre.
excre.
excretion c
one. I
I (ppm) (ml) JLg/ml JLg/min (mg)! I I
!
i 0 before 75 2
5 70 23.3 1.7
! after 180 63 275 96.3 17.3
I
i
20 Ya
before 105 70 80 53.3 5.6
after 180 80 105 46.7 8.4
Mean before
75 38.3 3.7
I
A
after 190 71.5 12.9
1
I before 120 30 225 56.3 6.8
I Ka
! after 180 40 1145 234.4 45.8
I before 165 140 120 101.8 16.8
I 50 Ma Iafter 180 90 580 292.5 52.2
I
Mean before
173 79.5 12.8 I
after 863 273.4 49.0
B I 160 I
Zi
I
before
•
60
I
22
I
615
I
220.0
I
13.5
I af
ter 180 120 1930 1280.0 231.6
I before 250 200 740 592.0 148.0I I
I E during 215 200 1220 1134.8 2
44.0 I
I after 105
90 950 814.2 85.5 I
before 280 100 340 121.4 34.0
ITi during 155 170 300 329.0 51.0 I
150- after 165 200 200 242.4 40.0
250
before 230 100 270 117.3 27.0
Work Ku during 100 140 550 770.0 77.0I C in
I Shift after 295 140 590 280.0 82.6
I i___
I before 235 70 1900 565.9 133.0
I
Ko during 245 110 2125 954.0 233.8
i
after 165 60 4125 1500.0 247.5
I
before 812 343.7 85.5
I Mean during 1049 847.2 15
1.4
I after
1466 624.1 113.9 I
be 74ppm.
The relationship between the toluene concentration inhaled and the incre-
ment of hippuric acid excretion, i. e. (the amount of urinary hippuric acid
excreted after the work) minus (the amount of urinary hippuric acid before ex-
5
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Fig 1. Relation between the toluene concentration in the air on one hand and the
hippuric acid concentration (-) and increment of excretion ( ) on the other.
posure to toluene), is represented by a broken line using the respective values
in A, B, and C groups, a similar straight line curve is obtained as illustrated in
Fig. 1. Similarly the values in C group, namely, 847 - 344 = 503/-,g/min. is
obtained and when it is plotted on the dotted line curve, the average toluene
concentration in the air is 83 ppm, showing a value very close to 74 ppm as
obtained by the former method of calculation.
A mass screening examination method for urinary hippuric acid in
the laborers exposed to toluene
As the toluene concentration inhaled and urinary hippuric acid concentra-
tion after the work have an almost straight line relationship as shown in the
curves of Fig. 1, a simplified method has been devised as described in details
elsewhere.
Fig. 2 shows the picture of colored spots with the ether extract of the urine
collected before and after the work from the workers in an auto-tricycle factory
and that of the standard colored spots for determination of urinary hippuric acid
concentration. Average values of urinary hippuric acid concentration of 12
persons were 528/-,g/ml by Gaffney's method and 623 /-,g/ml by mass screening
examination in the case before exposure, and 903 p.g/ml and 1062/-,g/ml in the
case of after exposure respectively.
In Fig. 3 are shown the hippuric acid concentration obtained by the paper-
chromatographic method of Gaffney from the urine collected after the work
6
Acta Medica Okayama, Vol. 16 [1962], Iss. 5, Art. 6
http://escholarship.lib.okayama-u.ac.jp/amo/vol16/iss5/6
Studies on Industrial Poisoning
Fig 2. Photo-copies of the mass screening examination for urinary hippuric acid in
a factory using toluene.
(a) The standard spot coloration
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from the above mentioned subjects on abscissa, and that obtained by our mass
screening examination likewise from the above induviduals on the ordinate.
There can be observed a tendency that the values obtained by the mass
screening examination method are higher than those by the paperchromato-
graphy. This may be interpreted to be due to the fact that both m-hydroxy-
hippuric acid and hippuric acid are combined by the former method
6
• At present
the maximum allowable concentration of hippuric acid is known to be 1 mg/ml,
but for the above reason, when individuals excreting over 1 mg/ml of hippuric
acid are checked by our method of mass screening examination, it would mean
the checking of individuals excreting equivalent of 0.7 mg/ml or over by Gaf-
fney's method.
In order to find out more precisely the correlation between the values
obtained by Gaffney's method and those by our mass screening examination
method using urine collected after the work in auto-tricyle factory the following
calculation has been done. "x" represents the quantity determined by Gaffney's
method and "y" that our mass screening tests. It has been found that the cor-
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Fig 3. Correlation between urinary hippuric acid concnentration obtained by
Gaffney's and mass screenig method.
relation coefficient between x and y is r = 0.825. When the value t = r VN-2/
V1-r2 is computed, it gives t=4.63, N in this instance being 12. The "t" value
is 3.17 when the degrees of freedom is 10 and the level of significance one per
cent. Therefore, the correlation between x and y is significant within one per
cent level, and the regression equation gives y = 0.77x+0.368.
DISCUSSION
The quantitative analysis of urinary hippuric acid by paperchromatography
is possible with spotting 0.1 ml of the urine containing over 100/l.g/ml of hip-
puric acid. Namely, the quantity over 10/l.g hippuric acid (10 /I.g/ml X 0.1 ml)
can be measured quantitatively. In contrast to this, by the crystallization method
100 ml of urinary hippuric acid in the concentration over 2,000 pg/ml is re-
quired for its crystallization, and therefore, by this method at least 200,000 fl.g
of hippuric acid is necessary for its measurement. In other words, in the cry-
stallization method the concentration of hippuric acid in the urine must be 20
times as high as in the paperchromatographic method, and the quantity must
be at least 20.000 times that of the latter method. In the quantitative analysis
of urinary hippuric acid after exposing volunteers to toluene in the concentration
8
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below 100 ppm OETTINGEN actually failed to find out any increase with crystalli-
zation-titration method. In our experiences with factory workers exposed to
20 ppm or 50 ppm of toluene, we have clearly succeeded in confirming the in-
crement of urinary hippuric acid. This indicates how senitive our method is, as
already mentioned.
Furthermore by using the curves representing the relationship between the
concentration of toluene inhaled and the concentration or the minute excretion
of urinary hippuric acid, it is possible to measure the average amount of toluene
inhaled even in the cases where the toluene concentration in the air fluctuates
considerably during the day or where the inhalation of toluene is not continuous
as in the case the laborers who work in shift.
It is known that the maximum allowable concentration of hippuric acid in
urine of workers exposed to toluene is 1,000 p.g/ ml according to OETTINGEN by
the crystallization method. Therefore, it is advisable to examine the urinary
hippuric acid of the workers exposed to toluene and when the amount of hip-
puric acid exceeds this maximum allowable concentration, the toluene concen-
tration in the air at the workshop must be diminished or the laborers should be
given a rest to avoid danger. In order to control the health of workers, it is
necessary to measure the urinary hippuric acid frequently. To accomplish this
purpose our simplified method of the mass examination by the spotting of the
urine seems to be ideal. .
CONCLUSION
For the elucidation of the relationship between the toluene concentration in
the air and the amount of hippuric acid excreted in the urine as a metabolite
after the work in the workshop where they use toluene, we have succeeded in
measuring minute quantities of urinary hippuric acid by a modified method of
Gaffney's paperchromatography and also by a simple mass screening examina-
tion method devised by us, and obtained the following results.
1. The average concentration of hippuric acid in the urine collected at
2 p. m. from healthy individuals proved to be 184 p.g/ ml, and the amount of its
excretion was 174 /J.g/ min.
2. After the three-hour inhalation of toluene whose concentration in the
air ranged 20, 50, and 160 ppm, the average concentration of hippuric acid in
the urine was found to be 190,863 and 1,930 fJ.g/ml, and the avarage incre-
ment of hippuric acid, 33.2, 193.9, and 1060 p.g/min respectively. From this
results we have found that there is a linear relationship between the toluene
concentration in the air on one hand and the concentration of urinary hippuric
acid and the increasing amount of its excretion on the other. Thus it has become
possible to calculate the toluene concentration in the air even in the workshop
9
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where the workers are exposed to toluene discontinuously from the curves of
the linear relationships just mentioned.
3. For the control of health in the workshop where they use toluene (such
as auto-tricycle factory) we have devised a simple mass screening examination
method for the detection of urinary hippuric acid, in which urinary hippuric
acid is extracted with ether alcohol, and the coloration of its spots on filter
paper is conducted with aroylglycine reagent (DAB and acetic anhydride mix-
ture) in order to find out those excreting 1,000 flog/ml (the maximum allowable
concentration) or over.
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